] provided an alternative analysis of experiment performed by Danan et al. [Phys. Rev. Lett. 111, 240402 (2013)] which presented surprising evidence regarding the past of photons passing through an interferometer. They argued that the quantity used by Danan et al. is not a suitable which-path witness, and proposed an alternative. It is argued that the quantum and classical analyses of Bartkiewicz et al. are inconsistent and both are inappropriate for describing the past of photons in a properly working interferometer.
Besides the conceptual disadvantage of BCJLSS method, I argue that they do not analyze it correctly. Note, that case (a) of [2] and case (a) of BCJLSS are different by a relative phase of π of path C, such that the latter does not correspond to a full constructive interference of the interferometer as it was in the experiment [2] . However, in both cases the analysis of [2] makes the same predictions regarding positions of pre-and post-selected photons inside the interferometer, so we can follow the setup of BCJLSS.
In the experiment, the correct transformation of the photon due to interaction with a vibrating mirror, say mirror C, is notĉ 00000 →ĉ 00100 as it appears in Eq. (2) of BCJLSS, but c 00000 → 1 √ 1 + 2 (ĉ 00000 + ĉ 00100 ), 
where the normalization factor N = 1 3 + O( 2 ) corresponds to a single photon in all output ports, and the high order terms are:
The probability of post-selection in the output port on a particular frequency mode, say mode A, is proportional to the weight of the output state projected on the space which has this mode:
where
This method provides the results of cases (a) and (b). For case (a), ϕ = π,
The probability for finding the zero mode is 
9
, prob(E) = prob(F ) = 0,
while the probability for finding the zero mode in this case is 1 9 , as in case (a). The state in the output port (2) is very different from the output state obtained by BCJLSS, as seen in their Eq. (9):
In order to obtain the results of the experiment from their state, BCJLSS introduced a procedure "formally equivalent to the projection of the output state" in which they defined the post-selected state in their Eq. (10):
and then calculated the square of the value of the scalar product between (8) and (9), their Eq. (11):
BCJLSS used (8) instead of (2), (9) instead of (5), (10) instead of (4), and obtained results which are proportional to what I obtained, but I cannot see a justification for their procedure. Consider, for example, the absence of modes E and F in case (b) when ϕ = 0. When the output state (8) has terms |1 10011 , |1 01011 , the modes E and F must appear independently on the phase, since these are two orthogonal modes and thus they cannot interfere. BCJLSS obtained cancelation of the modes performing scalar product with the post-selected state
which has particular phases between terms with different modes. What is the physical mechanism which fixes these phases? (In my analysis, the modes E and F are not seen in case (b) because they appear only in the high order in in the output state, see (3).) Another argument against BCJLSS approach, which is not related to the method of observing output photons, is that in the experiment [2] no significant disturbance of visibility of the inner interferometer, due to vibration of the mirrors, was observed. The orthogonality of modesĉ 10011 andĉ 01011 appearing in (8) is in contradiction with this fact.
Let us turn to the case (c). BCJLSS wrote that their "theoretical prediction does not match the experimental data from Ref. [2] ". Their Fig. 1c tells us that in this case the photon was in A and/or in B. If their method is a reliable which-path witness, as they claim, then Fig. 1c also tells us that the photon was not present in C, E and F . Indeed, the BCJLSS measurement method of detecting the frequency modes provides the following probabilities:
, prob(C) = prob(E) = prob(F ) = 0.
But this is not a "well-expected" behaviour. It means that the photon did not exist for some periods of time before and after being in the nested interferometer. I do not accept this. According to my approach [6] , the photon was where it left a weak trace. The gedanken experiment of case (c), performed on a pre-and post-selected ensemble with finite amplitude of vibration of mirrors, the post-selection of, say, mode A by BCJLSS method, and weak measurement of the trace with external devices, will show a continuous trajectory which includes E, A and F . Danan et al. do show "unexpected behaviour" when photon cannot be described by continues trajectories. This is the case (b) in which the weak trace of the photon shows continuous trajectory through C together with a separate trace inside the inner interferometer including A, and B.
Assuming ideal devices, the probability for finding the zero mode in case (c) is 0. So, in such an experiment detector D observes only disturbed photons. There are no photons performing interference experiment about which we can make statements regarding their position.
Note that in [2] , the case (c) was introduced not as an experiment which is supposed to tell where a pre-and post-selected photon was, but as a test that the experimental system, especially for the case (b), worked properly. In the limit of zero disturbance, no pre-and post-selected photons are expected, and indeed, there was no signal beyond the noise of the system, see more discussion in [4, 5] .
BCJLSS also suggest another, classical way of asking photons where they have been. No need for storing photons one light second long and performing complicated mode measurements. Moreover, even the quad-cell detector is not needed, just a single detector measuring intensity as a function of time I T (t), and a computer which makes Fourier analysis. BCJLSS argue that the Fourier transform of the total intensity "is a more reliable which-path witness and it corresponds to their quantum model". Note, however, that this is my reading of the BCJLSS classical proposal, based on the words in the text "spectrum of the overall intensity". One of their equations defines the term I T (f ), which apparently is not the Fourier transform of I T (t), and for which there is no proposal for actual experiment.
BCJLSS admitted that they "did not keep track of the normalization factors". Intensity modulation is tiny, it is of the order 2 , where is the ratio between the shift of the beam due to vibration of a mirror and the width of the beam. This can be learned from the leakage of nested interferometer in case (b), see Eq. (8) of [6] . This puts a serious question mark on the feasibility of this method even in its simple version. However, I argue that the total intensity does not provide a which-path witness corresponding to the quantum model even with gedanken devices with unlimited precision.
The simplest way to see that BCJLSS new which-path witness is not reliable, is that in a simple case when instead of an interferometer there is only one mirror on the path of the photon, the vibration of the mirror does not cause a change in the total intensity, so it does not tell us that the photon bounced off the mirror.
I will show now that BCJLSS proof, that for the nested interferometer their classical which-path witness provides the same predictions as the quantum method, arises from a mathematical error. The starting point of the BCJLSS calculation of the intensity modulation is their first (unnumbered) equation of Section III: where κ = 1 for cases (a) and (b), and κ = 0 for case (c). Then, the which-path witness is given by the Fourier transform of the total intensity,
To obtain their results, BCJLSS made approximations of (13) for various cases.
For case (c), the approximation is 2ye Indeed, in case (b), beam A essentially cancels beam B, so beam C has nothing to interfere with and, therefore, its shift does not change the total intensity. The same for beam B, since beam C cancels beam A. Beam A interferes with the combined beam of B and C and, therefore, its position does change the total intensity of the output port. Thus, the only frequency which appears is f A . (Mirrors E and F shift the beam from the nested interferometer whose intensity at the detector is almost zero, so their effect is negligible in this case.) Similarly, in case (a), frequencies f A and f B do not appear, since beams from A and B have nothing to interfere with. Mirrors E and F now shift the beam which is twice as strong as beam C, but since for total intensity it does not matter if the small beam shifts relative to a large beam or vice versa, the power of the signals at f E and f F is the same as at f C .
It is a curiosity that the approximation in case (c) (their Eq. (18)) misled BCJLSS regarding null signal ∆I(t), the output of the quad-cell detector, which motivated them to look for another which-path witness. ∆I(t) is identically zero when calculated based on the approximation, but non zero (albeit very small) when calculated based on the exact expression (13). In the Danan et al. experiment, the number of detected photons in case (c) was too small to see the signal given the background noise. The analysis of ∆I(t) in the ideal experiment does provide information that detected photons in case (c) were in A and in B, but it also tells us that they were in E and in F .
The past of a photon in an interferometer is a subtle issue both theoretically and experimentally. Quantum mechanics does not have unambiguous definition for a position of a pre-and post-selected particle [6, 8] . The experiment [2] does show correctly where the photons were, when the definition of a location of a pre-and postselected particle is all places where it leaves a trace. It is not a direct measurement of the trace left by photons on other systems. It uses a degree of freedom of the photon itself which makes the experiment much easier to perform, but more difficult to justify. Some variations of this experiment, like different analysis of the output photons proposed by BCJLSS, or apparently harmless insertion of a Dove prism [7] , might not properly record and/or read this trace.
In light of the above, I argue that BCJLSS analysis does not help to understand the past of photons passing through interferometers. Their which-path witness provides new predictions only in case (c) in which there are no undisturbed
